We report a systematic experimental study of the transient reflectivity of low-temperature grown GaAs as a function of excitation wavelength, excitation density and lattice temperature. We observe that the reflectivity decay is temperature independent for excitation energies between 20 and 70 meV above the band gap of GaAs. Under this condition the reflectivity increases linearly with excitation density and is in very good quantitative agreement with the Drude model. Subsequently, we present a model which allows the extraction of the diameter and density of As-clusters in low-temperature grown GaAs from the reflectivity decay.
However, in the past it has been observed that the determination of the carrier lifetimes from the pump-probe signal is difficult because the signal depends significantly on the excitation density and on the pump-probe wavelength [16] [17] [18] .
In this article we report the results of a systematic investigation of the femtosecond reflectivity decay in annealed low-temperature grown gallium arsenide (LT-GaAs) at excitation wavelengths between 780 and 820 nm, excitation densities of 10 16 -10 17 cm -3 and sample temperatures between 30 and 300 K. We demonstrate that the experimental conditions can be tuned such that the reflectivity decay is dominated by free carrier trapping. We develop a model which calculates the As-cluster radius and density from measured decay time constants.
II. EXPERIMENT
The samples investigated in this study were grown by molecular beam epitaxy on a semi-insulating GaAs substrate: first, a 72.5 nm GaAs buffer layer was deposited at 600 °C, subsequently, a 1.3 µm layer was grown at a temperature T g . Three samples were prepared with T g = 200, 225 and 250 °C. The samples were then annealed in the MBE chamber during 10 min at 600 °C.
We have investigated the transient reflectivity change of our samples with femtosecond optical pump-probe reflectivity measurements 19 . Figure 1 shows a schematic of our experimental arrangements. A Ti:sapphire laser generates 80 fs pulses with wavelengths λ c tunable between 780 nm and 820 nm. The laser power P is 500 mW and the pulse repetition rate f r is 82 MHz. The pulse train is split in pump and probe beams with a ratio of 10 : 1. The pump pulses are delayed with respect to the probe beam by a motorized translation stage and are modulated by an optical chopper at 3.5 kHz. The two laser beams are focused on
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4 the sample with a lens of focal length of 250 mm. The reflected probe beam is detected by a photo diode and a lock-in-amplifier (LIA). Reference frequency for the LIA is the chopper frequency so that only the pump-induced reflectivity change is detected. The sample is mounted in a He-flow cryostat which allows continuos change of the sample temperature.
With this setup a sensitivity of ∆R / R = 10 -6 is obtained.
III. RESULTS AND DISCUSSIONS
A. Excitation wavelength
Firstly, we discuss the influence of the excitation wavelength on the reflectivity 
B. Drude Model
We assume that the reflectivity change is caused by free carriers. In order to prove this 
C. Temperature dependence
Next, we consider the transient reflectivity of the LT-GaAs for various lattice temperatures ( fig. 4) . We observe that the transient reflectivity consists of a temperature dependent and a temperature independent part.
We start with the discussion of the temperature dependent contribution R 0 (T). This Following, we focus on the discussion of the reflectivity decay R(t). Our measurements reveal that the decay of the reflectivity R(t) is independent of temperature between 30 K and 300 K. We observe that the reflectivity transients decay exponentially. By
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7 fitting according to eq. (3) we find decay times of τ = 250, 500 and 950 fs for growth temperatures of 200, 225 and 250 °C.
Since the reflectivity linearly increases with laser pump power P and subsequently with the number of generated photocarriers, the decay time is considered as the lifetime of free carriers.
D. Characterization of As-cluster size and density
As outlined in the beginning, due to the low growth temperature of LT-GaAs an excess of As is incorporated in the lattice that causes a high point defect density (N D > 10
). During the subsequent annealing process, As microclusters are formed within the LTGaAs layer which are responsible for the ultrafast carrier trapping. The engineering of the As precipitates for device applications has received considerable attention recently. It has been demonstrated that the diameter of the As-cluster can be controlled between 1 -10 nm through the annealing temperature 24 . The in-plane as well as lateral distribution of the As-cluster can be controlled through incorporation of compositional or doping variations as well as an external strain field 25 . By this patterned self-assembled arrays of metallic nanoparticles with regular spacing of a few 10 nm have been demonstrated 26 .
We now demonstrate that the density N CL and diameter 2r CL of the As cluster can be extracted from the measured decay times using a simple model. 
The cluster density N CL is related to the photocarrier lifetime by Shockley-Read-Hall theory:
with a thermal velocity of v th = 2.5*10 5 m / s for GaAs. The amount of excess arsenic N Tg incorporated during growth is described by an exponential function [1]:
The empirical parameters are N Tg0 = 5.2 * 10 22 cm -3 and T g0 = 30 °C. Under these assumptions, we obtain as our results:
The values of r CL and N CL calculated from the measured lifetime τ and growth temperature T g are listed in table 1. They are compared to measurements of the cluster radius and cluster density by transmission electron microscopy 23, 27, 28 (TEM) and theoretical calculations of the cluster size based on an analysis of the temperature dependence of the kinetics of As-cluster formation 29 . The cluster radii and cluster density obtained with our model exhibit very good agreement with TEM measurements. Thus, we have demonstrated that it is possible to characterize the size and distribution of As nanoparticles in LT-GaAs by the analysis of the transient reflectivity.
IV. CONCLUSIONS
In summary, we have experimentally investigated the reflectivity of annealed LT- 
